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(57)Abstract: 

PURPOSE: To provide a resist pattern formation method 
wherein a pattern of good configuration is formed in a 
resist even if the resist is irregular by forming a reduced 

pattern on a reticle with a high focus margin. utt\*/**^s5& y 

CONSTITUTION: When a difference between a resist : V . j;- «*> 

pattern dimension in a pivotal point which shows an : \. . ^^^-^^ •>* . j 



exposure amount wherein variation of pattern dimension 
formed in a resist is minimum, and a dimension (x) when 
pattern dimension formed in a reticle is reduced at a 
specified ratio is a pivotal shift (y) and the number of 
apertures of a lens is NA, a pattern is formed in a reticle 
under conditions y={(x+NA)/2}-0.45. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In a resist pattern formation method of an i line lithography process of a monolayer 
resist process which used a high resolution resist for i lines A resist pattern size in the 
PIBOTARU point in which light exposure from which size fluctuation of a pattern formed in a 
resist serves as min is shown, A resist pattern formation method characterized by forming a 
pattern in reticle on conditions used as y={(x+NA) /2J-0.45 if a difference with a size x of a 
pattern when reducing a pattern formed in reticle at a predetermined rate is set to y and a 
numerical aperture of a lens is set to NA. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the suitable resist pattern formation method to 
form a resist pattern especially with detailed half micron level about the resist pattern formation 
method of having used the cutback projection aligner. 
[0002] 

[Description of the Prior Art] Using the aligner called a contact aligner, former and lithography 
technology was close on the substrate with which the resist was applied, placed the mask, 
exposed the resist through this mask, and formed the pattern in the resist by imprinting to a 
resist the pattern formed in the mask in the magnitude of 1 to 1 as it is. For this reason, the size 
of the pattern (henceforth a reticle pattern) drawn on the reticle which is the subject copy of a 
mask had turned into a pattern size on a resist almost as it is. However, after development of 
64kDRAM(s), by carrying out cutback image formation of the reticle pattern to a resist using a 
cutback projection lens, the reduced-projection-exposure method which forms a pattern in a 
resist becomes in use, and the stepper (cutback projection aligner) which carries out reduced 
projection exposure of the size of a current reticle pattern to one fifth is used. By this reduced- 
projection-exposure method, a reticle pattern is designed in many cases so that one fifth of 
reticle pattern sizes may become a resist pattern size. 

[0003] Between the depth of focus of the optical system of this stepper, and resolution, if 
resolution becomes high, it will be known that there is relation to which the depth of focus 
becomes shallow, and since the gate, wiring, etc. were formed on the other hand on the 
substrate which has passed through many processes and irregularity has arisen, the deep depth 
of focus is required. Therefore, in order for the size of the resist pattern formed in the resist by 
carrying out cutback image formation of the reticle pattern to a resist to be predetermined within 
the limits, the irregularity of a substrate needs to be within the limits of the depth of focus to 
the focal side of the exposure field. That is, within the limits of the irregularity produced in the 
substrate, the focal margin (for example, depth of focus used as the pattern size of **10% of 
within the limits of a demand resist pattern size) which size fluctuation of the resist pattern 
formed in the same exposure field becomes in the tolerance of the demand resist pattern size 
which is on layout and is demanded is needed. 
[0004] 

[Problem(s) to be Solved by the Invention] As mentioned above, by the stepper, in order to 
reduce a reticle pattern and to carry out image formation to a resist (one fifth is in use as for 
reduction percentage), one fifth of reticle pattern sizes becomes the pattern size of a resist 
fundamentally. Moreover, in the usual process of i line high resolution resist monolayer in the 
present i line lithography, when forming 0.5-micrometer hole pattern (a reticle pattern size is set 
to 2.5 micrometers of 5 0.5-micrometer times.), a focal margin (depth of focus which a resist 
pattern size becomes within the limits which is 0.5**0.05 micrometers) is set to 1.8 micrometers 
or less. When the irregularity of the substrate used as a substrate is taken into consideration, 
there is a problem that 2 micrometers or more of focal margins are needed, therefore its focal 
margin of the conventional technology is inadequate. 
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[0005] This invention carries out cutback image formation of the pattern formed in reticle to a 
resist by the focal high margin in view of the above-mentioned situation, and even if irregularity 
is in a resist, it aims at offering the resist pattern formation method which forms the pattern of a 
good configuration in this resist. 
[0006] 

[Means for Solving the Problem] A resist pattern demand size demanded as a resist pattern size 
as a result of doing various experiment and researches, in order that this invention person may 
attain the above-mentioned object, A pattern size when reducing a pattern formed in reticle at a 
predetermined rate (it is hereafter called a layout size.) In the greatest focal margin being 
obtained when a pattern of a predetermined size is formed in a resist by adjusting light exposure, 
without making it in agreement To a numerical aperture NA and a layout size of a lens, on 0.5- 
mtcrometer level, it finds out that there is linearity-relation and came to make this invention. 
[0007] Specifically a resist pattern formation method of this invention In a resist pattern 
formation method of an i line lithography process of a monolayer resist process which used a 
high resolution resist for i lines A resist pattern size in the PIBOTARU point in which light 
exposure from which size fluctuation of a pattern formed in a resist serves as min is shown, If a 
difference with the size x of a pattern when reducing a pattern formed in reticle at a 
predetermined rate is set to y and a numerical aperture of a lens is set to NA, it will be 
characterized by forming a pattern in reticle on conditions used as y={(x+NA) /2}-0.45. 
[0008] Next, an experiment used as a base of this invention is explained. First, the PIBOTARU 
point known from the former is explained with reference to drawin g 2 . Drawing 2 is a graph 
which shows light exposure when carrying out cutback image formation of the reticle pattern to a 
resist using the same reticle, and relation of fluctuation of a resist pattern size to fluctuation of 
a focus. Drawing 2 is the case of a pattern of "remnants" of a positive resist which uses a non- 
glaring portion of i line as a resist pattern. Here moreover, with "remnants" it says making it a 
non-penetrated portion (chromium protection-fronrHight field) of i line by which i line cannot 
penetrate a reticle pattern, and forming a pattern in a resist, and, on the other hand, mentions 
later — " — extracting — " — It says making it a transparency portion (chromium opening field) 
of i line by which i line can penetrate a reticle pattern, and forming a pattern in a resist. 
Moreover, a horizontal axis and an axis of ordinate of drawing 2 express a focal location and a 
size of a formed resist pattern, respectively, and a curve which plurality in drawing followed 
expresses that light exposure is fixed on each curve. For example, changing sharply a size of a 
pattern with which it will be formed in a resist at the time of the min [ light exposure ] in drawing 
if a focal location shifts in the direction of (+) or (-) is shown. Thus, a size of a resist pattern 
formed by carrying out cutback image formation of the reticle pattern to a resist is changed with 
light exposure, and even when light exposure is fixed, changing a size of this resist pattern is 
known by focal location. It is known that light exposure from which fluctuation of a size of a 
pattern formed in a resist serves as min exists to fluctuation of this focal location, and the point 
in which this light exposure is shown is called the PIBOTARU point shown in drawing 2 . 
[0009] Although this PIBOTARU point changes with the classes of a resist pattern size or resist, 
when the numerical aperture NA of a cutback projection lens is set to 0.5, and a layout size is 
0.4 micrometers, there are many resists from which he is trying to set a resist pattern size to 0.4 
micrometers at the latest high resolution resist for i lines. Thus, in the latest high resolution 
resist for i lines, a pattern of the same size as a layout size of 0.4 micrometers is formed in a 
resist. However, with a pattern size more than this layout size, the PIBOTARU point exists in an 
undershirt exposure side (by pattern of "remnants", it becomes in the direction in which a 
pattern grows fat.), and, on the other hand, exists in an exaggerated exposure side (by pattern of 
"remnants", it becomes in the direction in which a pattern becomes thin.) by pattern smaller 
than a layout size. 

[0010] Then, this invention person noted a point that the greatest focal margin was obtained, 
when a pattern of a predetermined size was formed in a resist by adjusting light exposure, 
without making in agreement a resist pattern demand size and a layout size which are demanded 
as a resist pattern size. Then, a difference of a resist pattern size in the PIBOTARU point and a 
layout size was considered as a PIBOTARU shift, and it asked for relation of both in case a 
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pattern size is about 0.5 micrometers. This result is shown in drawing 1 . 

[001 1] In order to give much more much additional coverage to a focal margin by about 0.5 

micrometers, it is necessary to make in agreement a resist pattern demand size and a resist 

pattern size in the P1BOTARU point. When straight-line approximation of the line shown in 

drawin g 1 here was carried out and it was made a formula, numerical aperture of a y= 

{(x+NA) /2}-0.45y:PIBOTARU shift x:layout size NA:lens was obtained. For example, y is 

[ about ], when it is referred to as NA=0.4 in drawing 1 and the layout size x is set to 0.4. -It is 

set to 0.05. 

[0012] the resist pattern demand size d from which it becomes the PIBOTARU point at the time 
of a positive resist — "remnants" — x+y=d — " — extracting — " — **** — as x~y=d — x= 
(1/3) (2 d-NA +0.9) [Case of "remnants"] 
x=2 d+NA -0.9 [ — " — extracting — " — a case — ] 

It can come out and express. That is, when a pattern was drawn on reticle so that x calculated 
by top formula may become a layout size, and a pattern of the resist pattern demand size d was 
formed in a resist pattern using this reticle, it became clear that it had the greatest focal margin. 

[0013] moreover, a time of using negative resist — "the remainder" — " — extracting — " — 
relation of reverse of a positive resist — becoming — x= (1/3) (2 d-NA +0.9) [ — " — extracting 
— " — a case — ] 

x=2 d+NA -0.9 [In the case of "remnants"] 

It becomes. 

[0014] 

[Function] According to the resist pattern formation method of this invention, a pattern is drawn 
on reticle so that a focal margin may serve as max, and the pattern of a predetermined size is 
formed in a resist by adjusting light exposure. For this reason, even if irregularity has arisen in 
the resist according to the irregularity of a substrate, since a focal margin is max, a pattern can 
be formed in a resist so that it may become the range of a predetermined size. 
[0015] 

[Example] Next, the example of this invention is explained with the example of a comparison. A 
device, conditions, etc. which were used for the example and the example of a comparison are 
shown below. 

Stepper: NSR-2005i8A (NIKON NA=0.50,500 mW/cm2) 

Resist: PFI-26 (Sumitomo Chemical, thickness = 1.075 micrometers) 

substrate: — Bare-Si prebaking: — the depth of focus which the measurement of the contact 
hole of 90-degree-C, 60secPEB:1 10 degree-C, 60sec development:NMD-W (TOKYO OHKA 
KOGYO), paddle 60sec postbake:120 degree-C, and 150sec assessment pattern (size):0.5- 
micrometerphi contact hole ** becomes within the limits of 0.5**0.05 micrometers estimated the 
focal margin. 
[0016] [Example] 

(1) the above-mentioned formula to NA=0.5 — " — extracting — " — case d= — it is set to 0.5 
micrometers and becomes the layout size of x= 0.6 micrometers. Therefore, when a layout size 
was set to 0.6micrometerphi and the exposure time was set to 500msec(s), the size of the resist 
pattern of a result was set to 0.5micrometerphi, and the depth of focus was set to about 2.0 
micrometers. 

[0017] [The example of a comparison] 

(2) When a layout size was set to O.Smicrometerphi and the exposure time was set to 780msec 
(s), the size of the resist pattern of workmanship was set to O.Smicrometerphi, and the depth of 
focus was set to about 1.4 micrometers. 

(3) When a layout size was set to 0.55micrometerphi and the exposure time was set to 600msec 
(s), the size of the resist pattern of workmanship was set to O.Smicrometerphi, and the depth of 
focus was set to about 1 .8 micrometers. 

[0018] Even if the depth of focus became deep and irregularity had arisen in the resist according 
to the irregularity of a substrate so that the layout size was brought close to the PIBOTARU 
point as shown in the above example and example of a comparison, the pattern was able to be 
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formed in the resist within the limits of the predetermined size. 
[0019] 

[Effect of the Invention] Even if irregularity has arisen in the resist according to the irregularity 
of a substrate since a focal margin is max according to the resist pattern formation method of 
this invention as explained above, a pattern can be formed so that it may become the range of a 
predetermined size at a resist. For this reason, a resist pattern with detailed half micron level 
can be formed in a good configuration. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the graph which considers the difference of the resist pattern size in the 
PIBOTARU point, and a layout size as a PIBOTARU shift, and shows the relation of both in case 
a pattern size is about 0.5 micrometers. 

[ Drawing 2] It is the graph which shows fluctuation of light exposure and a focus, and the relation 
of fluctuation of a resist pattern size. 



[Translation done.] 
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